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CM OS THIN-FILM TRANSISTOR HAVING 
SPLIT GATE STRUCTURE 

This is a continuation of application Ser. No. 07/798,730, 
?led Nov. 27, 1991, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a thin-?lm semiconductor 
device, and more particularly to a thin~?lm semiconductor 
device having a CMOS structure which is suitable for 
driving a liquid-crystal display. 

2. Description of the Prior Art 
Research and development are being actively made in the 

?eld of active matrix liquid-crystal displays in which thin 
?lm transistors (TFTs) are made as switching devices for 
driving every liquid crystal picture element (pixel). 
Research is also under way on a liquid-crystal display with 
a built~in driver circuit for driving the above-said TFTs. The 
built-in driver circuit is constituted by the TFTs directly 
formed on the liquid-crystal display substrate. 
The smallest component in the driver circuit for driving 

the liquid-crystal display is the inverter which has a CMOS 
(Complementary Metal Oxide Semiconductor) structure 
constructed with a pair of n-type and p-type TFTs. Usually, 
a TFT having a polysilicon semiconductor layer (poly silicon 
TF1") is used as the above TFI‘; because polysilicon allows 
a greater mobility of electrons and holes than amorphous 
silicon does, and the CMOS structure is easier to construct 
as the n'type and p-type TFTs can be formed by the same 
process. The CMOS inverter constructed with polysilicon 
TFI‘s having such properties, therefore, offers excellent 
characteristics in terms of operating frequency and power 
consumption. 
An example of a prior art CMOS inverter is illustrated in 

FIG. 4. A terminal 33 is the input terminal of the inverter, 
and a terminal 34 is the output terminal thereof. The lower 
level potential (low potential) of binary logic is applied to a 
terminal 31, while the higher level potential (high potential) 
is applied to a terminal 32. 

The terminal 31 to which the low potential is applied is 
connected to the source of an n-type TFT 35 via contact 
holes 39. The drain of the n-type TFT 35 is connected to the 
output terminal 34 of the inverter via contact holes 40. On 
the other hand, the terminal 32 to which the high potential 
is applied is connected to the source of a p-type TFT 36 via 
contact holes 42, and the drain of the p-type TF1‘ 36 is 
connected to the output terminal 34 of the inverter via 
contact holes 41. The input terminal 33 of the inverter is 
connected to the respective gate electrodes 37 and 38 of the 
TFTs 35 and 36 via contact holes 43. 

The potential at the output terminal 34 of the inverter is 
determined by the potential difference between the terminal 
31 and the terminal 32, i.e., the source-drain resistance ratio 
between the TFl‘s 35 and 36. That is, when the potential of 
the input terminal 33 is at a low level, the n-type TFT 35 is 
OFF, whereas the p-type TFT 36 is ON, which means that 
the resistance in the p-type TFT 36 is suf?ciently low 
compared with that in the n-type TFT 35. As a result, the 
high potential applied at the terminal 32 is output at the 
output terminal 34. Conversely, when the potential of the 
input terminal 33 is at the high level, the n-type TFT 35 is 
ON and the p-type TFI‘ 36 is OFF, thus outputting the low 
potential at the output terminal 34. 
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2 
Driving the driver circuit of an active matrix liquid-crystal 

display requires a higher voltage than the voltage (usually 5 , 
Volts) required for driving an ordinary LS1 circuit. For 
example, when using the normally white mode, which is 
said to be the best display mode currently available in terms 
of display characteristics, if it is desired to obtain a contrast 
ratio of 100:1 or higher, a voltage of about 7.5 Volts must be 
applied to the liquid crystals. Moreover, since the applica 
tion of a DC voltage over a long period causes degradation 
in the liquid crystal characteristics, an AC bias must be 
applied to the liquid crystals. 

Therefore, the gate electrode of each TFT (in the liquid 
crystal panel) for driving the liquid crystals in each pixel 
must be supplied with a voltage of the magnitude that can 
retain the stored picture signal for the drain potential of —7.5 
Volts when the TFT is OFF; on the other hand, when the TFT 
is ON, the drain electrode of the TF1" must be supplied with 
a voltage such that a picture signal of 7.5 Volts can be 
written. Considering the threshold voltage variation, etc. 
among the TFTs in the liquid crystal panel, it is required that 
the driver circuit of the active matrix liquid-crystal display 
be operated with the potential difference, V,,,, of about 20 
Volts between the high and low levels. 

Generally, as the source-drain voltage of a TF1‘ is 
increased, a current (leakage current) will appear that ?ows 
between the source and drain of the TFT even when a 
potential to turn of1c the TF1" is applied to the gate electrode 
thereof. 

In FIG. 5, the solid curve shows the drain current ID as a 
function of the drain-source voltage VDS of the n-type TFT 
35 when the gate-source voltage V8, is O Volts (putting the 
n-type TFT 35 in the OFF state). 
VDS corresponds to the voltage that appears at the termi 

nal 34 of the CMOS inverter of FIG. 4 when 0 Volts is 
applied to the terminal 31. ID corresponds to the leakage 
current that ?ows through the channel region of the n-type 
TFT 35 when the n-type TFT 35 is in the OFF state. 

It can be seen from the characteristic curve shown by the 
solid curve in FIG. 5 that in the n-type TFT 35 of the prior 
art inverter, the leakage current (ID) increases abruptly when 
VDS exceeds 15 Volts. This tendency is more apparent in 
n-type TFTs than in p-type TF'I‘s. 
Shown by the solid curve in FIG. 6 is the transfer 

characteristic of the CMOS inverter of FIG. 4 when V HLIZO 
Volts. 
When the input voltage V ,N is O Volts (the n-type TFT 35 

is OFF), the output voltage Vomis lower than 20 Volts. This 
is because, even when Vgs=0 Volts (the n-type TFT 35 is 
OFF), the resistance in the n-type TFI‘ 35 does not increase 
su?iciently due to the increased V US, as shown in FIG. 4, 
making the resistance in the p-type TFT 36 appreciable 
relative to the resistance in the n-type TFT 35. Thus, the 
effect of voltage drop by the resistance in the p-type TFT 
appears appreciably in the output voltage Vow, causing the 
output voltage VOW to drop below 20 Volts when VIN=O 
Volts. 

On the other hand, when V IN=2O Volts, the output voltage 
VOUT is 0 Volts, which is the proper output. This is due to 
the difference in characteristics between the n-type and 
p-type TFTs. 

Furthermore, the output level of the transfer characteristic 
is generally low. The inverter having the improper charac~ 
teristic shown by the solid curve in FIG. 6 has such problems 
as a slower operating speed, increased susceptibility to 
malfunction, etc. 
The prior art thin'?lm semiconductor device also has the 

following problem. Of TFTs in which the channel layer is 
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formed from polysilicon, n-type TFl's generally have greater 
driving capabilities than p-type TFI‘s. Therefore, when a 
CMOS inverter as described above is constructed with 
polysilicon TFI‘S, the inverter output inverts at a lower V IN 
region since the n-type TF1‘ has a lower resistance. 

Such an unbalanced inverter characteristic is shown by 
the solid curve in FIG. 6. Since the characteristics are not 
symmetric between the n-type TF1‘ and the p-type 'I‘Fl", the 
curve representing the output voltage VOUTis biased toward 
the low level side with respect to Vm. The presence of such 
a bias in the output voltage VOUT can lead to a decrease in 
the inverter operating speed as well as to malfunctioning of 
the inverter. 

The output voltage VOUT of the inverter is determined by 
the potential difference V HL and the resistance ratio between 
the n-type and p-type TFl‘s that constitute the inverter. One 
approach to the correction of the bias in the output voltage 
VOW will be by varying the channel length and width of the 
respective TFTs, thereby attaining an equal resistance ratio 
between the TFTs. For example, to attain an equal resistance 
ratio between the high side (p-type TF1‘ 36) and the low side 
(n-type TF1‘ 35) in the above inverter, it is required that the 
p-type TF1‘ 36 has a greater channel width than that of the 
n-type TF1‘ 35 or that the n-type TFT 35 has a longer channel 
length than that of the p-type TF1‘ 36. 

However, such an approach has the problem in that it 
involves a decrease in the transfer speed of the inverter and 
an increase of the inverter area. 

SUMMARY OF THE INVENTION 

The thin-?lm semiconductor device of this invention, 
which overcomes the above-discussed and numerous other 
disadvantages and de?ciencies of the prior art, comprises a 
substrate; a ?rst semiconductor layer and a second semicon 
ductor layer formed on said substrate; an n-type thin-?lm 
transistor including a ?rst channel region formed in said ?rst 
semiconductor layer, a ?rst gate insulating ?lm formed on 
said ?rst channel region, and a ?rst gate electrode formed on 
said ?rst gate insulating ?lm; a p-type thin-?lm transistor 
including a second channel region formed in said second 
semiconductor layer, a second gate insulating ?lm formed 
on said second channel region, and a second gate electrode 
formed on said second gate insulating ?lm, at least one of 
said ?rst and second gate electrodes comprising a plurality 
of gate electrode sections spaced apart along the channel 
length direction. 

According to the invention, a thin_?lm serrriconductor 
device is provided, comprising: a substrate; a ?rst semicon 
ductor layer and a second semiconductor layer formed on 
said substrate; an n-type thin-?lm transistor including a ?rst 
channel region formed in said ?rst semiconductor layer, a 
?rst source region formed in said ?rst semiconductor layer, 
a ?rst drain region formed in said ?rst semiconductor layer, 
a ?rst gate insulating ?lm formed on said ?rst channel 
region, and a-?rst gate electrode formed on said ?rst gate 
insulating ?lm; a p-type thin-?lm transistor including a 
second channel region formed in said second semiconductor 
layer, a second source region formed in said ?rst semicon 
ductor layer, a second drain region formed in said ?rst 
semiconductor layer, a second gate insulating ?lm formed 
on said second channel region, and a second gate electrode 
formed on said second gate insulating ?lm, wherein said 
second drain region is connected to said ?rst drain region, 
said second gate electrode is connected to said ?rst gate 
electrode, and at least one of said ?rst and second gate 
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4 
electrodes comprises a plurality of gate electrode sections 
spaced apart along the channel length direction. 

In a preferred embodiment, at least one of said ?rst and 
second channel regions under said at least one of said gate 
electrodes having said plurality of gate electrode sections, 
comprises a plurality of channel subregions spaced apart 
along the channel length direction, said channel subregions 
facing the respective gate electrode sections. 

According to the invention, a thin-?lm semiconductor 
device is provided, comprising: a substrate; a ?rst semicon 
ductor layer and a second semiconductor layer formed on 
said substrate; an n-type thin-?lm transistor including a ?rst 
channel region formed in said ?rst semiconductor layer, a 
?rst source region formed in said ?rst semiconductor layer, 
a ?rst drain region formed in said ?rst semiconductor layer, 
a ?rst gate insulating ?lm formed on said ?rst channel 
region, and a ?rst gate electrode formed on said ?rst gate 
insulating ?lm; a p-type thin-?lm transistor including a 
second channel region formed in said second semiconductor 
layer, a second source region formed in said ?rst semicon 
ductor layer, a second drain region formed in said ?rst 
semiconductor layer, a second gate insulating ?lm formed 
on said second channel region, and a second gate electrode 
formed on said second gate insulating ?lm, wherein said 
second drain region is connected to said ?rst drain region, 
said second gate electrode is connected to said ?rst gate 
electrode, at least one of said ?rst and second gate electrodes 
comprising a plurality of gate electrode sections spaced 
apart along the channel length direction, and said ?rst 
channel region is doped with p-type impurities. 

In a preferred embodiment, said second source and drain 
regions of said p-type thin-?lm transistor also are doped 
with p-type impurities. 

In a TFT, the source-drain resistance which is created 
when the OFF voltage is applied to the gate electrode is 
provided primarily by the resistance at the p-n junction 
between the drain and channel regions of the TFl‘. However, 
when a voltage greater than a certain level is applied 
between the source and drain, a large leakage current ?ows 
across the p-n junction, thus reducing the resistance at the 
p-n junction. 

In the thin-?lm transistor of the present invention, since 
the gate electrode and the channel region are each divided 
into subsections spaced apart along the channel length, the 
voltage applied between the source and drain is shared 
among a plurality of junctions formed between source and 
drain. For example, when the gate electrode and channel 
region are each divided into two subsections, the voltage 
applied between source and drain is shared between the two 
p-n junctions, each taking part of the applied voltage. In this 
case, since the voltage applied to each junction is reduced, 
the leakage current that ?ows across the junction decreases, 
thus preventing the resistance at the junction from dropping. 
As a result, a large OFF resistance can be maintained as a 
whole. 

In TFl‘s in which the channel layer is formed from 
polysilicon, n-type TFTs generally have greater driving 
capabilities than p-type TFl‘s. According to the present 
invention, p-type impurities are implanted into the channel 
region of the n-type TF1‘ in order to raise the inversion 
threshold voltage of the n-type TFI‘, thereby bringing down 
the driving capability of the n-type TF1‘ close to that of the 
p-type 'I‘Fl". Thus, the transistor characteristics are balanced 
between the n-type and p-type TFl‘s. This contributes to an 
improvement in the output characteristics of the CMOS 
inverter constructed with a pair of n-type and p-type TFTs. 
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Also, a plurality of p-n junctions are formed between the 
source and drain by dividing the gate electrode and channel 
region into a plurality of subsections. As a result, when a 
high voltage is applied between source and drain, the voltage 
applied to each p-n junction decreases, thereby suppressing 
the generation of leakage current across the p-n junction. 
Therefore, even when a high voltage is applied, the OFF 
resistance of the TFT does not decrease, thus preventing 
degradation in the output characteristics of the CMOS 
inverter. 

Thus, the invention described herein makes possible the 
objectives of: (1) providing a thin-?lm semiconductor 
device having a CMOS inverter structure that provides a 
good transfer characteristic even when the potential differ 
ence VHL is large; and (2) providing a thin-?lm semicon 
ductor device having a CMOS inverter structure in which a 
bias in the output voltage is eliminated without increasing 
the device area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its numerous 
objects and advantages will become apparent to those skilled 
in the art by reference to the accompanying drawings as 
follows: 

FIG. 1 is a plan view of a ?rst embodiment of a thin-?lm 
semiconductor device according to the present invention; 

FIG. 2 is a cross sectional view taken along the line A-A' 
in FIG. 1; 

FIG. 3 is a plan view of a second embodiment of a 
thin-?lm semiconductor device according to the present 
invention; 

FIG. 4 is a plan view of aprior art thin-?lm semiconductor 
device; 

FIG. 5 is a graph showing the ID-VDS characteristics 
(V350) of n-type thin-?lm transistors; 

FIG. 6 is a graph showing the transfer characteristic of the 
CMOS inverter of the ?rst embodiment (indicated by the 
dotted curve) and that of the prior art CMOS inverter 
(indicated by the solid curve) at VHL=20 Volts; 

FIG. 7 is a graph showing the transfer characteristic of the 
CMOS inverter of the second embodiment (indicated by the 
dotted curve) and that of the ?rst embodiment (indicated by 
the solid curve); 

FIG. 8 is a graph showing the characteristic curves of an 
n-type TPT that forms part of the CMOS inverter of the 
second embodiment; 

FIG. 9 is a graph showing the characteristic curves of an 
n-type TF1‘ that forms part of the ?rst embodiment; 

FIG. 10 is a graph showing the characteristic curves of a 
p-type TF1‘ with no p-type impurity implanted in the channel 
region; and 

FIG. 11 is a graph showing the characteristic curves of a 
p-type TF1‘ with p-type impurities implanted in the channel 
region. 

DESCRIPTION OF THE PREFERRED 
EMBODIIVIENTS 

FIG. 1 shows a thin~?lm semiconductor device (a CMOS 
inverter) according to the present invention. A major differ 
ence of this CMOS inverter from the prior art CMOS 
inverter shown in FIG. 4 is that the gate electrode 7 of an 
n-type TF1‘ 5 of this embodiment is split into two sections. 
The branch sections of the gate electrode 7 (gate electrode 
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6 
sections 7a and 7b) are spaced apart along the channel length 
direction. In this embodiment, the channel length direction 
is parallel with the line A-A' in FIG. 1. 
A cross-sectional structure cut along the line A-A' in FIG. 

1 is shown in FIG. 2. Referring now to FIG. 2, the structure 
of the CMOS inverter of this embodiment will be described 
below in accordance with the fabrication process sequence. 

First, using a CVD method, a thin polysilicon ?lm is 
formed to a thickness of 80 nm over the entire surface of a 
transparent insulating substrate 15. The transparent insulat 
ing substrate 15 is preferably formed from glass, quartz, or 
other material. The thin polysilicon ?lm will be subse 
quently processed to form a channel region 16, a source 
region (source electrode) 25, a drain region (drain electrode) 
26, and a region 29 disposed between the channel layers 16, 
thus forming an n-type TFT 5, a channel region 14, a source 
region (source electrode) 28, and a drain region (drain 
electrode) 27, thus forming a p-type TF1‘ 6. 

Si+ ions are then implanted into this polysilicon ?lm, 
which becomes amorphous as a result of the implantation. 
The ion implantation is followed by armealing in a nitrogen 
atmosphere, thus forming a thin polysilicon ?lm having 
crystal grains of large diameter. As the substrate, a semi 
conductor substrate with an insulating ?lm formed thereon 
may be used instead of the above-mentioned transparent 
insulating substrate. 

Next, using conventional photolithography and etching 
techniques, the thin polysilicon ?lm is patterned into rect 
angular thin polysilicon ?lms 50 and 60 as shown in FIG. 1. 
The channel widths of the n-type TF1‘ 5 and the p-type TF1‘ 
6 are detennined in consideration of the driving capabilities 
required for the CMOS inverter. In this embodiment, the 
channel width is 20 pm in either TFT. 

Thereafter, an oxide ?lm 17 which serves as the gate 
insulating ?lm is formed by CVD to a thickness of 100 nm. 
The oxide ?lm 17 may be deposited by sputtering or may be 
grown by thermally oxidizing the upper surfaces of the thin 
polysilicon ?lms 50 and 60. 
On top of the oxide ?lm 17, a thin polysilicon ?lm is 

deposited by CVD, and this polysilicon ?lm is then doped 
with impurities (dopants) by diffusion, thereby reducing the 
resistivity of the polysilicon ?lm. The doping may be 
preformed by ion implantation instead of diffusion. In this 
embodiment, the thin polysilicon ?lm is formed to a thick 
ness of 450 nm. 

By patterning this polysilicon film, the gate electrodes 7 
and 8 of the respective TFl‘s 5 and 6 are formed. The gate 
electrode 7 of the n-type TF1‘ 5 is patterned into two 
electrode sections 7a and 7b spaced apart along the channel 
length direction. The width of each gate electrode section 7a, 
7b (i.e. the dimension measured along the channel length 
direction) is 4 pm (totaling 8 pm). The gate electrode width 
of the p-type TF1‘ 6 is 8 nm. 
The gate electrode 7 which extends from an input terminal 

3 branches as it extends (as shown in FIG. 1) so that a 
voltage of the same magnitude can be applied to both the 
gate electrode sections 7a and 7b of the n-type TFT 5. 
However, the gate electrode 7 does not necessarily have to 
be formed in a fork—like shape with separate ends, but the 
ends of the gate electrode sections 7a and 7b may be 
connected to each other outside the channel region. Also, the 
gate electrode 7 may consist of two completely separate gate 
electrode sections 7a and 7b with an electrical interconnec 
tion provided by aluminum or other material deposited 
above them through an insulating ?lm. 

Next, n-type impurities are ion-implanted into the source 
region 25, drain region 26, and the region 29 surrounded by 
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two gate electrode sections 7a and 7b of the n-type TF1‘ 5. 
The ion implantation is performed using the gate electrode 
sections 7a and 7b as an implantation mask. As a result of 
the ion implantation, the channel region 16 of the n-type 
TFI‘ 5 is divided into two channel subregions 16a and 16b 
spaced apart along the channel length direction. Since the 
region 29 has been formed in self-alignment with the gate 
electrode sections 7a and 7b in the same manner as the 
formation of the source region 25 and the drain region 26, 
the channel subregions 16a and 16b are placed to face the 
gate electrode sections 7a and 7b respectively, across the 
gate insulating ?lm 17. 
The thus formed region 29 is of the same conductivity 

type as the source region 25 and the drain region 26. On the 
other hand, since the channel subregions 16a and 16b are not 
doped with the n-type impurities, p-n junctions are formed 
between the region 29 and the channel subregions 16a, 16b 
in the off state of the transistor. 

Next, in the thin polysilicon ?lm 60, the source region 28 
and the drain region 27 of the p-type TFT 6 are doped with 
p-type impurities by ion implantation with the gate electrode 
8 as an implantation mask. 

A resist that covers the area where the p-type TFT 6 is 
formed is used as an implantation mask when performing 
ion implantation to form the source and drain of the n-type 
TF[‘ 5, and a resist that covers the area where the n-type TFI‘ 
5 is formed is used as an ion implantation mask when 
performing ion implantation to form the source and drain of 
the p-type TF1‘ 6. A silicon oxide ?lm or a silicon nitride ?lm 
is deposited by CVD to a thickness of 700 nm over the entire 
surface of the substrate, thus forming an insulating layer 20. 

Next, contact holes 9, 10, 11, 12 and 13 are opened at the 
positions shown in FIG. 1. As shown in FIG. 2, the contact 
holes 9, 10, 11, and 12 are formed penetrating both the 
insulating layer 20 and the gate insulating ?lm 17 and 
reaching the respective gate electrodes 7 and 8. On the other 
hand, the contact holes 13 for the input terminal are formed 
penetrating the insulating layer 

After that, a low potential supply terminal 1, a high 
potential supply terminal 2, the input terminal 3, and an 
output terminal 4 are formed using a low-resistivity metal 
?lm formed from aluminum or other material. The terminal 
1 is connected to the source region 25 of the n-type TFT 5 
via the contact holes 9. The terminal 2 is connected to the 
source region 28 of the p-type TF1" 6 via the contact holes 
12, while the terminal 3 is connected to the respective gate 
electrodes 7 and 8 of the n-type and p-type TFTs 5 and 6 via 
the contact holes 13. The terminal 4 is connected to the 
respective drain regions 26 and 27 of the n-type and p-type 
TFI‘s via the contact holes 10 and 11, respectively. 
The OFF leakage current measured on the n-type TF1‘ 5 

of the CMOS inverter is shown by the dotted curve in FIG. 5. 

With the prior art n-type TF1‘ 35 (indicated by the solid 
curve), the leakage current abruptly increases when VDS 
exceeds 15 Volts, the current increasing up to about 10 pA 
(lO_6 ampere) at V DS=20 Volts. By contrast, with the n-type 
TF1‘ 5 of the inverter of the present embodiment, the leakage 
current is kept at a su?iciently low level, even at VDS=2O 
Volts. This is because, in the present embodiment, VDS is 
shared between the two p-n junctions and therefore the 
junction leakage current is reduced, thus preventing the OFF 
resistance of the TFF as a whole from dropping. 

The dotted curve in FIG. 6 shows the transfer character 
istic when V HL=20 Volts. With the prior art inverter shown 
in FIG. 4, the output voltage Vout for VIN=O Volts is lower 
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8 
than 20 Volts (as indicated by the solid curve). By contrast, 
with the inverter of the present embodiment, the output 
voltage shows the correct value of 20 Volts, exhibiting the 
proper inverter characteristic. This is because, in this 
embodiment, the leakage current that ?ows in the n-type 
TFT 5 at VDS=20 Volts is low and the OFF resistance is 
su?iciently high. 

FIG. 3 shows another thin-?lm semiconductor device of 
the present invention. A major difference of this embodiment 
from the CMOS inverter shown in FIG. 1 is that, in this 
embodiment, p-type impurities are implanted into the chan 
nel region of the n-type TF1‘ 5. The cross-sectional structure 
cut along the line B-B' in FIG. 3 is identical to that of the ?rst 
embodiment shown in FIG. 2. 
The fabrication process for this embodiment will now be 

described. The CMOS inverter of this embodiment is fab 
ricated by using the same processing steps as employed for 
the ?rst embodiment up to the step in which the rectangular 
thin polysilicon ?lms 50 and 60 shown in FIG. 3 are formed 
by patterning. 

After the thin polysilicon ?lm is patterned into the thin 
polysilicon ?lms 50 and 60, a photoresist is applied and %he 
photoresist is exposed and developed into a pattern having 
an opening only exposing a region 14 encircled by the dotted 
line in FIG. 3. 

Thereafter, p-type impurities such as boron ions are 
ion-implanted only into the region 14 of the thin polysilicon 
?lm. The dose is .Controlled to within 5X1012 cm_2. By 
varying the dose, the threshold voltage of the n-type TF1‘ 5 
can be adjusted to the desired value. A minimum dose of 
1X1011 cm_2 will be required if it is desired to control the 
threshold voltage. 

After removing the photoresist, an oxide ?lm 17 which 
serves as the gate insulating ?lm is formed by CVD to a 
thickness of 100 nm. The subsequent processing steps are 
the same as those for the ?rst embodiment. 

The characteristics of the n-type TFI‘ 5 in which the 
p-type impurities are implanted into the channel region are 
shown in FIG. 8, and the characteristics of an n-type TFT 35 
in which the n-type impurities are not implanted into the 
channel region shown in FIG. 4 are indicated in FIG. 9. FIG. 
10 shows the characteristic curves of a p-type TFT with no 
p-type impurity implant in the channel region. FIG. 11 
shows the characteristic curves of a p-type TF1‘ with the 
p-type impurities implanted in the channel region. 
The comparison of the characteristic curves between 

FIGS. 8 and 9 show that the resistance is high and the drain 
current (ID) is low in the n-type TF1‘ 5 in which the p'type 
impurities are implanted into the channel region as com 
pared with the TF1‘ in which the p-type impurities are not 
implanted into the channel region. This is because the n-type 
TF1" 5 has a higher inversion threshold voltage as a result of 
the implantation of the p-type impurities into the channel 
region. 
When the characteristics of the above n-type TFTs are 

compared with the characteristics of the p-type TFTs 6 and 
36 respectively, shown in FIGS. 10 and 11, it can be seen 
that an excellent symmetry of characteristics is maintained 
between the n-type TFT 5 and the p-type TFI‘ 6 of this 
embodiment. 

In FIG. 7, the transfer characteristic of the CMOS inverter 
of this embodiment for VHL:20 Volts is indicated by the 
dotted curve. By comparison with the transfer characteristic 
of the CMOS inverter (indicated by the solid curve) in which 
the p-type impurities are not implanted into the channel 
region of the n-type TF1“, it can be seen that the symmetry 
between the high and low sides is improved. 
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In the above embodiment, ion implantation for controlling 
the threshold voltage is made only into the channel region in 
the n-type TFT 5, but not into the channel region in the 
p-type TF1" 6. However, it will be appreciated that impurities 
may be implanted simultaneously into the channel regions of 
the TFTs 5 and 6 to form a doped region in the TFT 6 as well 
as in the TFT 5. No great difference is noted between the 
characteristics of the p_type TFT 6 shown in FIG. 8 and the 
characteristics shown in FIG. 7 (with no impurity implan 
tation into the channel region), which shows that The 
implantation into the channel region of the p-type TFT 6 
causes very little e?fects on the transistor characteristics. 
This process has the advantage of eliminating the step of 
forming a photoresist having an opening over the region 14. 

In the above embodiments, the pair of n-type and p-type 
TFTs 5 and 6 that constitute the CMOS inverter are provided 
with the same channel width (20 pm), but if the character 
istics are not symmetrical between the n-type and p-type 
TFTs 5 and 6, it is possible to balance the driving capabilities 
between the TFTs by altering the-channel Widths thereof. 
Also, in the above embodiments, the n-type and p~type TFTs 
5 and 6 are both provided with the same channel length (8 
urn), but this also can be changed. Thus, by individually 
setting the channel length and channel width to suitable 
values for each of the n-type and p-type TFI‘s 5 and 6, it is 
possible to further improve the inverter characteristics. 

Furthermore, in the above embodiments, the gate elec 
trode 7 of the n-type TFI‘ 5 is split into two gate electrode 
sections 7a and 7b, but it may be split into three or more gate 
electrode sections. In this case, the source-drain voltage is 
shared among more junctions than in the above embodi 
ments. This serves to further improve the source-drain 
dielectric strength, realizing a CMOS inverter that can 
operate properly with an even higher voltage. 

In the above embodiments, of the pair of TFTs constitut 
ing the CMOS inverter, the gate electrode 7 of the n-type 
TFT 5 only is split into subsections, but it will De appreci 
ated that the gate electrode 8 of the p-type TFT 6 may also 
be split into subsections. In this case, the source-drain 
dielectric characteristic is improved also in the p-type TFT 
6, providing further improved inverter characteristics. 

Also, the TFI‘s may be so structured that the gate elec 
trodes 7 and 8 are formed under the thin polysilicon ?lm 50 
and 60 (on the substrate side). In this case, however, the 
source regions 25, 28, the drain regions 26, 27, etc. cannot 
be formed in self-aligning fashion, therefore, a mask pattern 
must be formed in order to form these regions. 

As described above, the thin-?lm semiconductor device 
of the present invention comprises thin—?lm transistors 
capable of reducing the leakage current and maintaining a 
high resistance in the “ofF’ state for a high source-drain 
voltage. This serves to provide the inverter function free 
from malfunctioning and having excellent transfer charac 
teristics. 

Accordingly, the thin-?lm semiconductor device of the 
present invention is suitable for a driver circuit to which a 
comparatively high voltage is applied, particularly for a 
driver circuit for an active matrix liquid crystal display. 

Further, according to the thin~?lrn semiconductor device 
of the present invention, a good symmetry of characteristics 
is obtained between the n-type and p-type thin-?lm transis 
tors that constitute the CMOS inverter. As a result, no 
appreciable bias is caused in the output voltage of the CMOS 
inverter, which serves to prevent the thin-?lm semiconduc 
tor device from malfunctioning. Furthermore, since this 
advantage is provided without increasing either the channel 
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10 
length or channel width of the thin~?lm transistors, there is 
no need to increase the device area, nor does it involve a 
decrease in the transfer speed. 

It is understood that various other modi?cations will be 
apparent to and can be readily made by those skilled in the 
art without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the scope of 
the claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be construed as 
encompassing all the features of patentable novelty that 
reside in the present invention, including all features that 
would be treated as equivalents thereof by those skilled in 
the art to which this invention pertains. 
What is claimed is: 
1. A thin ?lm semiconductor device for use as an inverter 

having an input terminal and an output terminal such that 
when a zero or relatively low voltage signal is input at said 
input terminal, a relatively high voltage signal is generated 
at the output terrrrinal of said inverter, comprising: 

a substrate; 

a ?rst semiconductor layer and a second semiconductor 
layer formed on said substrate; 

an N-type thin ?lm transistor including a ?rst channel 
region formed in said ?rst semiconductor layer, a ?rst 
source region formed in said ?rst semiconductor layer, 
a ?rst drain region formed in said ?rst semiconductor 
layer, a ?rst gate insulating ?lm formed on said ?rst 
channel region, and a ?rst gate electrode formed on said 
?rst gate insulating ?lm; 

a P—type thin ?lm transistor including a second channel 
region formed in said second semiconductor layer, a 
second source region formed in said second semicon 
ductor layer, a second drain region formed in said 
second semiconductor layer, a second gate insulating 
?lm formed on said second channel region, and a 
second gate electrode formed on said second gate 
insulating ?lm, 

wherein said input terminal is connected to said ?rst and 
second gate electrodes and said output terminal is 
connected to said ?rst and second drain regions, said 
?rst gate electrode having a plurality of ?rst gate 
electrode sections spaced apart along a channel length 
direction extending between the ?rst source and drain 
regions, 

wherein when a substantially zero voltage is applied to 
said input terminal, leakage current between said ?rst 
drain region and said ?rst source region is minimized; 

wherein a length of the ?rst channel region is dimen 
sioned to balance resistance characteristics of the thin 
?lm semiconductor device; and 

wherein N -type regions are formed in portions of the ?rst 
channel region not covered by the gate electrode sec 
tions so as to form a plurality of channel subregions 
spaced apart along said channel length direction, each 
of the channel subregions being adjacent to the respec 
tive ?rst gate electrode sections, whereby p-n junctions 
are formed across the ?rst channel region when a 
relatively high voltage is applied between the ?rst 
source region and the ?rst drain region of the N-type 
thin ?lm transistor. 

2. A thin ?lm semiconductor device according to claim 1 
wherein said plurality of gate electrode sections are con 
nected at one end outside of the ?rst channel region. 

3. The thin ?lm semiconductor device according to claim 
1 wherein said ?rst channel region is doped with P-type 
impurities. 
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4. The thin ?lm semiconductor device according to claim 
1 wherein a width of either of the ?rst and second channel 
regions is dimensioned to balance resistance characteristics 
of the N-type thin ?lm transistor and the P-type thin ?lm 
transistor. 

5. The thin ?lm semiconductor device according to claim 
1 wherein lengths of either of the ?rst and second channel 
regions is dimensioned to balance resistance characteristics 
of the N-type thin ?lm transistor and the P-type thin ?lm 
transistor. 

6. The thin ?lm semiconductor device according to claim 
1 wherein said ?rst source region and said ?rst drain region 
are doped with N-type impurities. 

7. The thin ?lm semiconductor device according to claim 
6 wherein the plurality of gate electrode sections function as 
a mask for doping N-type impurities in said ?rst source 
region and ?rst drain region. 

8. The thin ?lm semiconductor device according to claim 
1 wherein said plurality of gate electrode sections are 
connected to each other at ends on the input terminal side. 

9. The thin ?lm semiconductor device according to claim 
1 wherein said plurality of gate electrode sections are 
completely separate from each other and an electrical inter 
connection for electrically connecting said plurality of gate 
electrode sections is provided. 

10. The thin ?lm semiconductor device according to claim 
1 wherein said second gate electrode has a plurality of 
second gate electrode sections spaced apart along a channel 
length direction. 

11. A thin ?lm semiconductor device according to claim 
1, wherein a total length of the ?rst channel region is 8 pm. 

12. A thin ?lm semiconductor device according to claim 
1, wherein a length of each of the channel subregions is 
4 pm. 

13. A thin ?lm semiconductor device, comprising: 

a substrate; 
a ?rst semiconductor layer and a second semiconductor 

layer formed on said substrate; 
an N-type thin ?lm transistor including a ?rst channel 

region formed in said ?rst semiconductor layer, a ?rst 
source region formed in said ?rst semiconductor layer, 
a ?rst drain region formed in said ?rst semiconductor 
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layer, a ?rst gate insulating ?lm formed on said ?rst 
channel region, and a ?rst gate electrode formed on said 
?rst gate insulating ?lm; 

a P-type thin ?lm transistor including a second channel 
region formed in said second semiconductor layer, a 
second source region formed in said second semicon 
ductor layer, a second drain region formed in said 
second semiconductor layer, a second gate insulating 
?lm formed on said second channel region, and a 
second gate electrode formed on said second gate 
insulating ?lm; 

wherein said ?rst gate electrode has a plurality of ?rst gate 
electrode sections spaced apart along a channel length 
direction extending between the ?rst source and drain 
regions, and said ?rst channel region has a plurality of 
channel subregions spaced apart along the channel 
length direction to form a plurality of p-n junctions 
when a relatively high voltage is applied between the 
?rst source region and the ?rst drain region of the 
N-type thin ?lm transistor, each of the charmel subre 
gions being adjacent to the respective ?rst gate elec 
trode sections, thereby sharing a voltage applied 
between the ?rst source region and the ?rst drain region 
with the plurality of p-n junctions and increasing 
dielectric strength between the ?rst source region and 
the ?rst drain region. 

14. A thin ?lm semiconductor device according to claim 
13, wherein a total length of the ?rst channel region is 
dimensioned to balance resistance characteristics of the thin 
?lm semiconductor device. 

15. A thin ?lm semiconductor device according to claim 
14, wherein a total length of the ?rst channel region is 8 pm. 

16. A thin ?lm semiconductor device according to claim 
14, wherein a length of each of the channel subregions is 4 

17. A thin ?lm semiconductor device according to claim 
13, wherein the second gate electrode has a plurality of 
second gate electrode sections spaced apart along a channel 
length direction extending between the second source and 
drain regions. 


